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The A, subunit of the glycinin seed storage protein of soybean was purified by ion-exchange chramato- 
graphy followed by preparative SDS-gel electrophoresis and the complete amino acid sequence was deter- 
mined. The A, subunit is composed of 97 amino acids which correspond to an M, of _ 10600. Apprax. 
867; of the sequence of the A, subunit was found to be identical to that of the NH,-terminal region of 
the A, subunit of the glycinin determined previously. Also, the A, subunit of the glycinin was purified and 
the partial sequence was determined. The sequence of the A, subunit was estimated to be highly homologous 
to that of the COOH-terminal region of the A, subunit. 
Soybean Glycine max Se& storage protein Amino acid sequence 
Seeds of the soybean (Glyeine pnax (2.) Merrili) 
contain two major storage proteins, glycinin (I 1 S 
globulin) and ,&congIycinin (7 S globulin). The 
glycinin is the most abundant protein in the seeds 
and has a molecular mass of -360 kDa [l]. It is 
considered to be composed of six pairs of subunits, 
each pair consisting of acidic (37-45 kDa) and 
basic (-22 kDa) subunits with different isoelectric 
points {Z]. Staswick and Nielsen [3] have identified 
. . 
seven acrdrc (Alat An,, AZ, AX, A4, As and Ah) and 
five basic (Bia, Brb, B2, B3 and B4) subunits of the 
glycinin. Recently, we have determined the com- 
plete amino acid sequence af the A3 subunit by 
protein-sequence analysis [4]. However, the com- 
plete amino acid sequences of the other subunits 
have not been established. 
Here, we purified the & and As subunits and 
determined the complete amino acid sequence of 
the As subunit and the partial sequence of the As 
subunit. We compared the sequences of these 
subunits to that of the A3 subunit and found the 
highly h~rn~~o~~us sequence regions between these 
subunits. 
2. MATERIALS AND METHODS 
Glycinin was purified from dry mature seeds of 
the soybean (G. max (L.) Merr. cv. Bonminori) as 
described in [2]. Reduction and carbox~methyla- 
tion were carried out as described in [5]. 
The AS subunit of glycinin was partially purjfied 
by ion-exchange chromatography on a DEAE- 
Sephadex A-50 (Fharmacia) column (2.6 cm 
diam., 200 ml) equilibrated with 0.1 M phosphate 
buffer (pH 6,3) containing 6 M urea arid 0,2 M @- 
mercaptoethanol [6]. The partialiy purified A5 
subunit was purified by preparative SDS-paly- 
acrylamide gel (16%) electrophoresis 
(SDS-FACE) according to Laemmli [7],, After 
electrophoresis, the sIice of the gel containing the 
As subunit band was excised and the As subunit 
was removed from the excised gel slices by elec- 
troelution [S]. Portions (l&-l@3 pg) of the purified 
As subunit were digested with cyanogen bromide 
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Fig. 1. SDS-PAGE of the purified Ag and As subunits, and CNBr fragments of the & subunit of glycinin. (a) As 
subunit partially purified by ion-exchange chromatography; (b) As subunit; (c) & subunit; (d) whole CNBr digests of 
the A4 subunit; (e) &CB2; (f) &CBl. it4, values were estimated as described previously [4]. 
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Fig.2. Amino acid sequence of the AS subunit of glycinin. CB, T, L and S represent CNBr, tryptic, 
metalloendopeptidase and Staphylococcal peptide fragments, respectively. Dashed lines represent he NHz-terminal 
sequences of the As subunit and the peptide fragments which were identified by DABITC analysis, Residues that were 
un~biguously identified are indicated with solid lines, others with broken lines. The COOH-te~in~ amino acid (v) 
was determined by carboxypeptidase A digestion followed by dansylation and TLC. 
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1CNBr) (Sigma), trypsin {Sigma) and S~a~~y~~cuc- 
cus awe&s V8 protease fPierce) as described in f4], 
and metalloendopeptid~e (Seikagaku Kogyo) 
(1: 50, enzyme: protein in 0.2 M N-ethyI- 
morpholine acetate buffer, pH 8.5, 4 h at 37°C) 
isolated from Grifola frortdosa. The metalloen- 
dopeptidase cleaves specifically the peptide bonds 
on the NHz-terminal side of Iysine residues. 
The A4 subunit of gIycinin was purified by ion- 
exchange chromatography on a DEAE-Sephadex 
A-50 column as described above. 50 mg of the 
purified & subunit was digested with CNBr and 
the digest was purified by gel filtration on a 
Sephadex G-100 ~Ph~maGia~ column (1.6 cm 
diam., 400 ml) as described in [4], 2 mg of the 
purified CNBr fragment was digested with trypsin 
or metalloendopeptidase. 
The resultant peptides were dissolved in 100~1 
of 0.1% trifluoroacetic acid (TFA) and applied to 
a reverse-phase column (Nucleosil C18, 5 II) for 
high performance liquid chromatography (HPLC) 
(Varian SSOO), and eIuted at a flow rate of 
1 .O ml/min of 0.1% TFA with linear gradient of 
acetonitrile. The effluent was monitored by the ab- 
sorbance at 215 nm. 
The amino acid sequences were determined by 
manual sequence analysis using 4-~,~-dimeth- 
ylaminoazobenzene-4’-isothiocya~ate (DABITC) 
(Dojin) 191. Leucine and isoleucine, which could 
not be identified by thin-Iayer chromatography 
(TLC) on polyamide sheets in DABITC analysis, 
were identified by TLC on silica gel [lo]. The 
COQH-terminal amino acid of the As subunit was 
determined by digestion with carboxypeptidase A
(Sigma) followed by dansylation and TLC on poly- 
amide sheets fl I]. A blocked peptide was treated 
with p~oglutamate amino~ptidas~ (Boehringer) 
as described in f12f and the blocked NH~-terminal 
amino acid was removed. The unblocked fragment 
was sequenced by a gas-phase sequenator (Applied 
Biosystems). 
Amino acid composition of the As subunit was 
determined as described in [4] with an amino acid 
analyser (Hitachi 835). 
3, RESULTS AND DISCUSSION 
The purified glycinin was dissociated and sub- 
jected to ion-exchange chromatography in 6 M 
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urea. One of the two fractions eluted with the 
starting buffer was found to contain a mixture of 
a few acidic subunits including the As subunit by 
SDS-PAGE (f&l(a)), The As subunit in the frac- 
tion was purified successfully by preparative 
SDS-PAGE followed by electroelution (fig. l(b)). 
On the other hand, one of the fractions eluted with 
a gradient of NaCl was found to contain a high 
proportion of the & subunit by SDS-PAGE 
(fig.l(c))+ Fig.1 shows that both of the & and As 
subunits purified were at least 90% pure. 
Fig.2 shows the way in which the complete 
amino acid sequence of the As subunit was de- 
duced. The subunit contains 97 amino acids which 
correspond to an M, of - 10600. The NH2~terminal 
sequence of the As subunit presented here is in 
good agreement with that described in [I 31. The 
amino acid composition of the As subunit is shown 
in table 1. The sequence shows reasonable agree- 
Table 1 
Amino acid c~m~sition of the As subunit of glycinin 
Asx 
Thr 
Ser 
Glx 
Pro 
GIY 
Ala 
VaI 
cysa 
Met 
Be 
Leu 
TYr 
Phe 
His 
Lys 
Arg 
T W 
8.7 (9) 
4.3 (4) 
9.9 (8) 
13.9 (15) 
8.6 (8) 
8.5 (8) 
4.8 (5) 
4.4 (4) 
2.7 (3) 
1.4 (2) 
4.9 (5) 
10.2 (10) 
1.7 (2) 
3.4 (3) 
2.9 (3) 
3.9 (4) 
2.5 (3) 
- (1) 
Total 97 
a Determined as carboxymethylcysteine 
Acid hydrolysis was carried out at lOS*C for 2$,48 and 
72 h. Resuhs are expressed as mol residue/m&, and the 
values for serine and threon~ne are corrected by 
extrapolation to zero time. Other values are average for 
the different times of hydroljrsis. The values in 
parentheses are the numbers obtained from the sequence 
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ment with the composition derived by amino acid amino acid sequence of the AS subunit is different 
analysis. from the N&-terminal sequence of the A3 subunit. 
Of the two CNBr fragments of the As subunit 
purified by HPLC, the AsCB2 fragment contained 
a methionine residue, but was not cleaved at the 
residue with CNBr. The reason is possibly that the 
AS subunit was incompletely cleaved with CNBr. 
As compared in fig.3, the amino acid sequence 
of the A5 subunit is closely similar to that of the 
NHz-terminal region of the A3 subunit determined 
previously [4]. In this region, only -149’0 of the 
Two fragments, A.&B1 and AXEI2 were ob- 
tained by the CNBr digestion of the A4 subunit 
(fig. 1 cd)). These CNBr fragments were purified by 
gel filtration (fig. 1 (e,f)) and their NI-Iz-terminal se- 
quences were determined. The NHz-terminal se- 
quence of the A&B1 is consistent with that of the 
A4 subunit [4]. Therefore, it is considered that the 
order of the CNBr fragments in the single chain of 
the & subunit is as follows; HzN- 
30 
A3 LETLNSQHPEyQSAGVTvdTLNRNGLHL 
As IQ’PWNSQHPELKCAGVTVSKLTLNRNGLHL 
0. N NNIKWIF R EC GLALSRATLQRNALRR 
60 
A3 PSYSPYPQMX?VVQGKGAL&!‘AFPGCPETF 
A5 PSYLPYPRMLIVAQGKGAIQMAFPGCDETF 
cx PYYSNAPQEIFIQQGNGYFGMVFPGCPETF 
~KPQQQQS RR1~S RSQ ~QL*D~~R~K I RH 
A~~A~~E~QQQSN ff RRGSRS~K~~L~DSH~K~RH 
ot //As EEPQESEQ // GSRSQ QcjL;DSHQK 
120 130 140 
A3 PNEGDVZVIPPGVPRKTYNTGDEPVVALEK 
A4 FNEGDVLVIPPGVPRKTYNTGDEPVVALEK 
A3 . . . . . ISP~~KFNLDTSNF’~NeLDQNPRV’~YLA 
A4 F NWD T S N F N N Q4xD Q N P R V F YL/zA 
310 
A3 GQQ&QQEEcc~vVEG+sKHF~~A~SFNTNED 
A4 GQHQQQE~GGS~.~/ISGFSKHF~~A~SFNTNED 
A3 ?AEKLRSPDDZRRQLVTVE&??LSVISPK... 
A4 T A E K4XR S I? D D E R R QL/IV T V E G GL/IS VL/IS P 
A3 .t. DIEHP&;QEPQRQGQ$$ 
At, PSRPEQQEPRGRGCQTR 
Fig.3. Structural homology among amino acid sequences of the As1 &+ AS and Aa subunits of glycinin and the LY subunit 
of pea legumin. As, As subunit f4f: &, Aq subunit As, As subunit; As, As subunit 91; =,fy subunit of legumin I145 
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A&B 1 -A,&X&COOH _ 
The NH&erminal ammo acid of the A&B2 
isolated was blocked. The AXB2 was ultimately 
shown to be bfocked by ~~oglutamate formed in 
the course of cleavage with CNBr as well as the 
CNBr fragment CB3 of the A3 subunit of glycinin 
as described previously [4], since the A.&B2 was 
deblocked with pyroglutamate aminopeptidase. 
We have found that the NHa-terminal sequence 
of the & subunit examined is closely similar to 
that of the internal region of the A3 subunit and 
there is only one difference in the homologous 
regions: the amino acid residues in the positions of 
the A3 subunit ~orres~ndjng to the eighth residue 
(Lys) in the & subunit are deleted [4]. Here, we 
determined the NH~-terminal sequences of the 
A&B2, and some tryptic and metalloendopep- 
tidase peptides of the A&B1 and A&B2, and 
found that not only the NHz-terminal sequence of 
the & subunit but the sequences of some peptides 
from the internal regions of the & subunit are 
homologous to the internal sequence of the A3 
subunit (fig.3). 
We have reported that there are long and highly 
conserved repeats in the sequence of the A3 subunit 
[4]. However, we could not detect any repeated se- 
quence in the & subunit. Concerning the repeated 
sequence in the glycinin acidic subunits, more 
detailed study by both protein and DNA sequence 
analysis is now in progress. 
Staswick and Nielsen [31 have determined the 
NHz-terminal sequence of the Ag subunit of 
glycinin, and found that the sequence is 
homologous to the NHz-terminal sequence of the 
& subunit. However, the amino acid residue in the 
position of the Aa subunit corresponding to the 
eighth residue in the & subunit is deleted. This is 
the same deletion as we have found in the A3 
subunit [4], 
The sequence of the As subunit and the partial 
sequence of the PLq subunit were found to be close- 
ly similar to those of the NH*-terminal region and 
the COOH-terminal region of the A3 subunit, 
respectively, but not identical. This suggests that 
the & and Ag subunits do not arise by proteolysis 
of the A3 subunit, but are possibly different gene 
products. However, it seems that the genes en- 
cading the As, &, A5 and possibly Ag subunit are 
most strongly related in the glycinin genes. 
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We compared the sequence of the AS subunit 
determined to that of the pea fegumin (lil S 
globulin) ty subunit predicted from the DNA se- 
quence f14] and found a considerable degree of 
homology between them. ff optimal alignments are 
made, -48% of the sequence of the As subunit is 
identical to that of the cy subunit (fig.3). The se- 
quence homology among the 7 S storage proteins 
of peas [IS], French beans [ 161 and soybeans [171 
has suggested that all legume 7 S storage proteins 
share a common evolutionary origin. Similarly, the 
results obtained here suggest hat all legume 11 S 
storage proteins share a common evolutionary 
origin. 
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